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Abstract 
Metacognitive awareness consists of two components, i.e. regulation of cognition and 
knowledge of cognition. In earlier studies self-evaluation is aligned as a sub-
component of regulation of cognition. However, in this study we point out that self-
evaluation does not actually regulate the ongoing or forthcoming process but it is a 
tool used to reflect both knowledge and regulation. This alignment is modelled to 
assess to what extend self-evaluation can be predicted by the other components of the 
metacognitive awareness. The model is tested empirically among vocational 
education students (N= 578) using the Metacognitive Awareness Inventory (MAI). 
The results of SEM concludes that the conditions and goals appointed by the learner 
predict the selection of contents and strategies towards self-evaluation of one’s own 
learning. In other words, by measuring planning or conditional knowledge we could 
predict other components of knowledge or regulation and, especially, self-evaluation. 
The findings of this study extensively confirm that planning and knowledge of 
conditions predict success through the learning process. The results encourage 
teachers to support students in improving their metacognitive awareness, i.e. expect 
them to set goals for their own learning.  
Keywords: metacognitive awareness, knowledge of cognition, regulation of cognition, self-
evaluation, Metacognitive Awareness Inventory MAI 
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Resumen 
La conciencia metacognitiva consiste en dos componentes, a saber: la regulación de 
la cognición y el conocimiento de la cognición. En estudios previos la autoevaluación 
se alinea como un subcomponente de la regulación de la cognición. Sin embargo, en 
este estudio señalamos que la autoevaluación no regula realmente el proceso actual o 
futuro, sino que es una herramienta utilizada para reflejar tanto el conocimiento como 
la regulación. Esta alineación se modela para valorar hasta qué punto la 
autoevaluación puede ser predicha por los otros componentes de la conciencia 
metacognitiva. El modelo es probado empíricamente entre los estudiantes de 
formación profesional (N = 578) utilizando el Metacognitive Awareness Inventory 
MAI (Inventario de Habilidades Metacognitivas). Los resultados de SEM concluyen 
que las condiciones y metas señaladas por el alumno predicen la selección de 
contenidos y estrategias para la autoevaluación del propio aprendizaje. En otras 
palabras, midiendo la planificación o el conocimiento condicional podríamos predecir 
otros componentes del conocimiento o la regulación y, especialmente, la 
autoevaluación. 
Palabras clave: conocimiento metacognitivo, conocimiento de la cognición, regulación de 
la cognición, autoevaluación, Metacognitive Awareness Inventory MAI (Inventario de 
Habilidades Metacognitivas)
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he aim of this study was to explore the components of metacognitive 
awareness. The earlier models delineating metacognitive awareness 
are divided into two main components: knowledge of cognition and 
regulation of cognition (Brown, 1987; Schraw & Dennisson, 1994). 
Consequently, we assume that self-evaluation is a link between the knowledge 
of cognition and the regulation of cognition. However in earlier studies it is 
only a sub-component for the regulation of cognition. In the present study, the 
components are modeled and tested empirically using the Metacognitive 
Awareness Inventory, MAI (Schraw & Dennisson, 1994) among vocational 
education and training. The research topic is of high relevance, hence learners’ 
responsibility is highlighted in the current reorganizations of the field.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The framework of the components of metacognitive awareness in the 
present study. 
   
Metacognition has been studied for over three decades from different 
perspectives and a variety of areas (see, e.g., Efklides, 2008; Bryce, 
Whitebread, & Szűcs, 2015). Research is mainly focused on identifying what 
people know about their own cognition (knowledge of cognition) and how 
people monitor and control their cognition (regulation of cognition). There are 
different characters of metacognition and its components, such as: self-
regulation and Metacognitive knowledge; metacognitive experiences and 
metacognitive skills (Efklides, 2008); metacognitive beliefs (Kornell, 2014) 
T 
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and metacognitive awareness, including knowledge and regulation of 
cognition (Bryce, Whitebread, & Szűcs, 2015). Each one features slight 
theoretical variations and different terminology (Bryce, Whitebread, & Szűcs, 
2015; see also Efklides, 2008). In the present study, we explored the perceived 
understanding of knowledge of cognition and regulation of cognition of 
individuals. Hence, we use the concept “metacognitive awareness” to describe 
the perceived understanding and conscious thinking of one’s own learning, 
including both the knowledge of cognition and the regulation of cognition (cf. 
Ormrod, 2004; Young & Fry, 2012).  
Some controversies exist in how metacognitive awareness is defined in 
different studies. Marton and Blooth (2009) describes the metacognitive 
awareness as a phenomenon which is manifested in the variations of ways in 
which people experience situations and phenomena in their life and their 
worlds. According to Garner and Alexander (1989), metacognitively aware 
learners are more strategic and perform better than unaware learners (see also 
Pressley & Ghatala, 1990). Metacognitive awareness allows individuals to 
plan, sequence and monitor his or her learning so that the improvements can 
be seen directly in performances (Schraw & Dennisson, 1994). As in 
metacognition, the distinction in metacognitive awareness is generally made 
between knowledge of cognition (i.e. metacognitive knowledge) and 
regulation of cognition (i.e. metacognitive regulation) (Schraw & Dennisson, 
1994; Schraw, Crippen, & Hartley, 2006). This two-component model of 
metacognitive awareness is well-documented. Hence, this two-component 
model is applied in the present study, as well. 
Knowledge of cognition includes three sub-components: conditional 
knowledge (i.e., knowledge about when and why to learn), declarative 
knowledge (knowledge about what are the contents of learning), and 
procedural knowledge (i.e., knowledge about how the person uses the learning 
strategies) (Schraw, Crippen, & Hartley, 2006). Regulation of cognition, 
includes five sub-components facilitating the process aspect: planning, 
information management strategies, monitoring the comprehension, 
debugging strategies and evaluating (Schraw & Dennisson, 1994; Baker, 
1989). 
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Knowledge of Cognition and Regulation of Cognition 
 
Flavell (1977) divides metacognitive knowledge into person-related variables, 
task-related variables, and strategy-focused variables (see also Brown, 
Bransford, Ferrara, & Campione, 1983; Bråten, 2006; Veenman, van Hout-
Wolters, & Afflerbach, 2006). Knowledge of person variables refers to 
general knowledge about how human beings learn and process information, 
as well as individual knowledge of one’s own learning processes. Knowledge 
of task variables includes knowledge about the nature of the task as well as 
the type of processing demands that it will place upon the individual. 
Knowledge about strategy variables includes knowledge about cognitive and 
metacognitive strategies, as well as conditional knowledge about when and 
where it is appropriate to use (Bråten, 2006). Conditional knowledge refers to 
the learners’ knowledge about why and when she / he is learning. Declarative 
knowledge refers to the learners’ knowledge about what she / he is learning. 
Procedural knowledge refers to the learners’ knowledge about how she / he 
uses the strategies when studying. In the present study, knowledge of 
cognition is also used as one component of metacognitive awareness.  
Regulation of cognition refers to exerting control over one’s own cognitive 
processing, for example, the flexible employment of different processing 
activities, depending on circumstances and on interim learning outcomes. The 
regulation activities conceive planning before a certain course or assignment 
and monitoring as well as using information management strategies during a 
learning task (Vermunt & Verloop, 1999; Pintrich, 2004). Regulation of 
cognition refers to the steps that learners take to regulate and modify the 
progress of their cognitive activity. These steps develop initially as by-
products in the context of domain-specific learning, and self-correcting 
activities may be seen as its early precursors (von Wright, 1992). Regulation 
of cognition includes predicting an action or an event, monitoring ongoing 
activity, checking the results of actions, reality testing, and a variety of other 
behavioral patterns for coordinating and controlling deliberate attempts to 
learn and solve problems (Brown & DeLoache, 1983). Veenman, Wilhelm, 
and Beishuizen (2004) argue that regulation of cognition appears to be highly 
interdependent.  Deep orientation, systematic orderliness, accuracy, 
evaluation and elaboration may be regarded as skillfulness in regulation of 
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cognition (Veenman, Prins, & Elshout, 2002). Furthermore, Veenman, 
Wilhelm & Beishuizen (2004) found that with some limitations, this kind of 
skillfulness is a general, person-related characteristic across age groups, rather 
than being domain specific (Veenman, Wilhelm, & Beishuizen, 2004).  
 
Self-evaluation 
 
Self-evaluation is generally considered to be one of the activities on one’s own 
learning at the end of the learning task or a course (Schraw & Dennisson, 
1994; Vermetten, Vermunt, & Lodewijks, 1999). According to a hypothetical 
model shown below, both the knowledge of cognition and the regulation of 
cognition predict the self-evaluation. The term “evaluation” can be understood 
in different ways. In this study, the “concept evaluation” refers to self-
evaluation, the pupil’s own objectives, and it is directed at the general level 
for the learning effort. We use this concept to avoid any misunderstanding that 
might arise in mixing it with the original term “evaluation” that has been used 
in the original MAI questionnaire. Previous research aligns self-evaluation 
with the regulation of metacognition (Jacobs & Paris, 1987; Schraw & 
Dennison, 1994; Balcikanli, 2011). According to von Wright (1992), 
evaluating pertains to judging the extent to which the final learning outcomes 
are in agreement with the goals that were planned. It also pertains to the degree 
to which the learning process has proceeded, as imagined beforehand. Hence, 
the self-evaluation of one’s own learning is the central component in 
metacognitive awareness.  
In the theoretical model of the present study, self-evaluation acts as the 
reference component of the knowledge of cognition and regulation of 
cognition. Previously, self-evaluation has been described as a sub-component 
of regulation (e.g., Vermetten, Vermunt, & Lodewijks, 1999). However, in 
this study we assume that both knowledge of cognition and regulation of 
cognition predict self-evaluation.  
We assume that the self-evaluation is not a component of regulation, as 
such, as it does not regulate the ongoing or forthcoming process. It is a tool 
used to reflect both the knowledge and the regulation. Hence, the sub-
components of knowledge of cognition (i.e., conditional, declarative and 
procedural knowledge) and self-evaluation were explored in a conjoined 
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model. Similarly, the sub-components of regulation of cognition (i.e., 
planning, monitoring, information management strategies, and debugging 
strategies) and self-evaluation were explored in another conjoined model. 
 
 
 
 
Figure 2. The components of metacognitive awareness. 
 
 
The research task is to explore, to what extent self-evaluation can be 
explained by the knowledge of cognition and regulation of cognition. The 
research questions are: 
 
1. How do the components of the knowledge of cognition predict 
self-evaluation? 
2. How do the components of the regulation of cognition predict 
self-evaluation? 
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Methods 
 
Participants and Data  
 
Strict ethical norms and practices has been followed throughout the research 
project. The management of the participating institutions were informed about 
the rationale, objectives and ethical issues of the project. The data gathering 
sessions were held in groups. In the beginning of each sessions, the 
participants were informed of the purpose of the study, the use of the data and 
that participation was strictly voluntary. The students were explained how the 
data was encoded to protect the anonymity of the participants, and finally short 
instructions were given on how to fill in the questionnaires using pen and 
paper. All researchers and teachers, who were involved in gathering or 
handling the data, agreed the norms of handling the data and confidentiality 
of the participants. No personal identification information were gathered from 
the participants. The group codes were used in analysis and the names of the 
participated institutions, for example, were stored separately from the main 
data. 
The data (N = 578) was gathered from ten units of vocational education 
institutions in 2015 and in the spring of 2016. 41.2 percent of the participants 
were men and 58.8 percent were women. 72.8 percent of the participants were 
15 to 18 years old, while 27.2 percent were 19 or older.  
The main aim of vocational education and training in Finland, where the 
present study took place, is to improve the skills of the work force, to respond 
to skills needs in the world of work and to support lifelong learning. The 
qualification is 120 credits, which takes three years of full-time study, unless 
prior learning can be counted towards the qualification (Ministry of Education 
and Culture Finland, 2015). The present study was chosen to take place in 
Finland, because “learning to learn” has been emphasized in curriculums on 
all levels of the Finnish educational system already for decades. 
Vocational education is currently under re-organization in many European 
countries. For example, in Finland, authorization to provide education will be 
re-considered by the Ministry of Culture and Education. At the same time, 
funding will be reduced up to 200 million euros. Hence, for the research of 
students’ metacognitive awareness, the field of vocational education is highly 
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actual as the reform leads to a reduction in lessons, less direct teaching, and 
more responsibility shifted onto students’ self-regulation and application of 
modern learning styles. For teachers, this means more of a supportive role, 
which in turn requires knowledge of cognition, regulation of cognition, and 
self-evaluation from the students themselves. Furthermore, metacognitive 
awareness is required in knowledge-intensive work and lifelong learning. 
Although the metacognition itself and self-regulation of learning have been 
highlighted in educational research and educational policy, the role of 
metacognitive awareness in vocational education is studied less. 
 
Measures 
 
Using self-report instruments can help learners to incorporate strategies that 
will improve their metacognitive awareness (Mokhtari & Sheorey, 2002). The 
students who are successful in their metacognitive self-assessment and, 
therefore, aware of their abilities, get through their studies better than those, 
who are unaware both strategically and in practice (Rivers, 2002; Schraw & 
Dennison 1994). Schellings, van Hout-Wolters, Veenman, and Meijer (2013) 
state that self-report questionnaires are not assessing metacognition and self-
regulation widely enough. Veenman (2011) suggests using thinking-aloud 
measures, since students are not perhaps totally aware of the processes going 
on. Significantly, this lack of awareness may ultimately affect the 
verbalization of these processes in self-reports. Winne and Jamieson-Noel 
(2002) noted that the report itself does not necessarily specify exactly what 
students are doing while they are studying. However, according to Sperling, 
Howard, Miller, and Murphy (2002), self-report inventories as measures of 
metacognitive processing are perhaps, in some ways, the least problematic 
technique. In terms of their benefits, these inventories are easily administered 
and scored, which makes them useful large-scale assessment tools for 
determining which learners may need interventions in metacognition, strategy 
use, or superordinate self-regulation. Self-report inventories may also be 
helpful for use in theoretical research. For instance, research has demonstrated 
that both the knowledge and regulation components of metacognition can be 
measured via self-report inventories (Pereira-Laird & Deane, 1997; Schraw & 
Dennison, 1994).  
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In vocational education, students’ metacognitive awareness has not been 
studied in more detail. Some elements of metacognition have been studied, 
though. According to Vermunt and Vermetten (2004) there has been a need 
for conceptualizations of student-learning components and to link 
metacognitive aspects of student learning. They used the Inventory of 
Learning Styles (ILS) for measuring components of learning, including 
metacognitive regulation strategies as one of the elements. They found four 
factors, one of which represents an application-directed learning pattern with 
high loadings of “concrete processing,” “use of knowledge” as a conception 
of learning, and a “vocational learning orientation.” Also, Slaats, Lodewijks 
and Van der Sanden (1999) studied the learning styles of students in secondary 
vocational education. They found two different learning patterns: 
reproduction-directed and meaning directed learning. The Metacognitive 
Awareness Inventory for Adults (MAI) developed by Schraw and Denisson 
(1994) is based on the theoretical structure of two main components: the 
knowledge of cognition and the regulation of cognition, which fit the 
theoretical framework of the present study. Hence, the MAI was chosen for 
this study. Earlier research reports indicate that the MAI produce structurally 
valid and internally congruent results as a whole. Furthermore, structurally 
valid and internally congruent results have been produced according to the 
division of the two main components. Earlier research reports (e.g., Pintrich, 
Wolters, & Baxter, 2000) indicate, however, that these components are quite 
close to each other. 
The MAI is a 52-item self-report instrument of adolescent and adult 
metacognitive awareness. The questionnaire was set out to confirm the 
theoretical existence of two components: knowledge of cognition and 
regulation of cognition, which were quite close to each other. The final factor 
structure was best represented by dividing the factors into eight 
subcomponents: conditional knowledge, declarative knowledge, procedural 
knowledge, planning, monitoring, information management strategies, 
debugging strategies, and evaluation of learning, respectively. This structure 
was also confirmed by the results of Sperling et al. (2004).  
The MAI has been denoted to have high internal consistency of the two 
factors, knowledge of cognition, and regulation of cognition. Internal 
consistency statistics range from r = .90-.95 (Dennison, 1997). It has firm 
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predictive validity for self-monitoring and test performance in academic 
processes. Subsequent studies with the MAI have supported these findings 
(Hammann, 2005). It is considered a reliable initial test of metacognitive 
awareness (Schraw & Dennison, 1994, p. 472; Scott & Levy, 2013).  In the 
Turkish version of the MAI, the internal consistencies of the instrument were 
.95 for the entire scale, and for the subscales .93-.98. (Akin, Abaci, & Çetin, 
2007, p. 675). According to Young and Fry (2012), who studied the 
relationship between metacognitive awareness and academic achievement in 
college students, the results provide support for the validity of the MAI as it 
relates to academic measures. Zhang (2010) confirmed the reliability and 
validity of the MAI.  The aim of the study was to investigate the predictability 
in metacognition when self-rated abilities were taken into account. Panaoura 
and Philippou (2003) used the idea of the MAI inventory in their study that 
was a part of a larger research on the development of young pupils’ 
metacognitive ability in mathematics, where the original state of an instrument 
development and the examination of its construct validity was presented. The 
existence of a second-order structure representing metacognition was 
confirmed by a confirmatory factor analysis, as well as two basic first-order 
factors indicating knowledge of cognition and regulation of cognition. 
Several researchers have used the MAI to study knowledge of cognition 
and regulation of cognition. Hammann and Stevens (1998) investigated the 
self-regulated learning of 90 college students. The component “knowledge of 
cognition” from the MAI was correlated with predictions of test performance, 
test scores, and online measures of exactness of responses. The “regulation of 
cognition” was related to intrinsic goals orientation and task value. The MAI 
has been used to study students’ strategy use and understanding (Hartley, 
2001; Lee, 2013; Mair, 2012), and to obtain scores for individual areas of 
metacognition (Coutinho, 2007). It has also been used as an instrument in 
studying academic achievement in college and for studying confidence in 
academic achievement (Amzil & Stine-Morrow, 2013). Moreover, the MAI 
has been used to discover how to support college students’ self-monitoring 
and problem-solving skills (Kauffman, Ge, Xie, & Chen, 2008; Lee, Teo, & 
Bergin, 2009). Finally, Pang (2010) studied activity-based learning and 
metacognitive-based activities using the MAI.  
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Procedure of the Analysis 
 
As the MAI was originally in English, it was translated into Finnish for this 
research project in a three-step procedure. At first, three researchers, all native 
Finnish speakers, made their own version of each item of both inventories, 
and then the versions were integrated together. Furthermore, the items were 
checked by a native Finnish-speaking lecturer. In the second step, the new 
Finnish questionnaire was translated back into English, once more, by an 
experienced translator in order to ensure that the concepts and phrases are 
translatable both from English into Finnish, and vice versa. The final version 
was concluded, once certain modifications based on the translator’s and the 
native Finnish-speaking lecturer’s suggestions were taken into account. The 
third step of the procedure was to test the inventory questionnaires by a pilot 
group of students (n = 28) in a vocational education institute. The respondents 
were asked to rate each item on a 1-to-5 response scale, where the numbers 
presented the following opinions: 1 “never”; 2 “seldom”; 3 “sometimes”; 4 
“often”; and 5 “always”. The students were presented with the research project 
similarly as when the main data was collected later. Moreover, the pilot group 
was asked to pay special attention to possible unfamiliar concepts or unclear 
statements. The students were asked to present their questions or notes 
instantly, or to write them onto the questionnaire form. There were no 
noticeable notes found when the questionnaire was pre-tested by the students.  
The analysis was done in two steps. At first, the components were 
composed following the theoretical structure of the items. Moreover, the 
structure of the factors was confirmed with Confirmatory Factor Analysis and 
the reliability was analyzed by calculating Cronbach’s Alphas. Secondly, the 
theoretical path model of the components was tested using Mplus Structural 
Equation Modelling software.  
 
First Step: Composing the Components 
In the beginning, we calculated the Pearson’s correlations between the items 
within each sub-component. The items with non-significant correlations (p > 
.05) with other items within a sub-component were removed. In this way, the 
“knowledge of cognition” component consisted of 13 items and the 
“regulation of cognition” component consisted of 24 items (Appendix 1). 
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Next, the internal consistency of both components was explored to conclude 
the reliability by calculating Cronbach’s (1951) alphas. As in the earlier 
studies using the MAI-scale, the internal consistency was found to be good 
for the entire questionnaire (α = .93), and for both of the components 
(Regulation of Cognition, α = .91 and Knowledge of Cognition, α = .81). To 
ensure that the matrix was suitable for the analysis using parametric methods, 
the descriptive statistics were calculated (Appendix 1). As both skewness and 
kurtosis had values between -1 to 1 revealing the normality of the items we 
continued on to further analysis. 
The theoretical structure of the components was confirmed using 
confirmatory factor analysis. The analysis took place within regulation of 
cognition and knowledge of cognition, separately. Knowledge of cognition 
consisted of three factors: conditional knowledge, declarative knowledge and 
procedural knowledge. The fit of the model was acceptable/good (χ²/df (59) = 
2.16; CFI = .93; TLI = .91; RMSEA = .05; Probability <= .05 = .55; SRMR = 
.04). As in the original factor structure of the MAI, self-evaluation was 
analyzed within regulation of cognition. Hence, it consisted of five factors: 
planning, monitoring, information management, debugging, and self-
evaluation. The analysis also confirmed the theoretical factor structure (χ²/df 
(240) = 1.72; CFI = .92; TLI = .91; RMSEA = .04; Probability <= .05 = .99; 
SRMR = .05) All factor loadings of the items were statistically significant (p 
< .001). The confirmatory factor analyses revealed that the components were 
composed without difficulties. 
 
Second Step: Structural Equation Modeling 
Next, thus constituted, the components, based on the confirmed factor 
structures, were used in path analysis. To explore the fit of the measurement 
models and the path model in more detail, it is recommended that the models 
are analyzed separately (McDonald & Ho, 2002). Since the measurement 
models are analyzed above, the components were constituted as manifest 
variables for further analysis. However, the advantage of using a structural 
equation analysis compared to traditional analysis by regression or path 
modeling would have been that statistics could have been applied on latent 
variable structures (Kline, 2011; MacCallum & Austin, 2000).  
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In the methods of structural equation modeling, the fit of the model and the 
data can be verified with several indexes. Chi Square (χ²) describes the 
difference between the theoretical and measured covariance matrix. The 
interpretation of the χ² value is ambiguous and depends on sample size. This 
was noticed in this study, as well, since the significance levels (p values) of 
the test remained low. Therefore, model fit needed to be assessed using other 
indexes as well (Hair, Black, Babin, & Anderson, 2010; West, Taylor & Wu, 
2012; Ullman, 2001; McDonald & Ho, 2002). The Comparative Fit Index 
(CFI) and Tucker–Lewis Indexes (TLI) compare model fit with the 
independence model. In this study, the cut-off value of acceptable model fit 
for both CFI and TLI is .90 while .95 indicates good fit (Tucker & Lewis, 
1973; Hu & Bentler, 1999; Hoyle, 1995; Bentler, 1990). Root Mean Square 
Error of Approximation (RMSEA) indicates model fit in comparison with the 
degree of freedom of the model (Steiger, 1990). A cut-off value of .05 
indicates good fit of the model (Byrne, 2012; Hoe, 2008; Steiger, 2000). 
Standardized Root Mean Square Residual (SRMR) indicates the model fit by 
comparing the averages of standardized residuals of the observed and 
predicted covariance matrixes. A cut-off value of close to .08 indicates good 
model fit (Hu & Bentler, 1999). (See also Little, Lindenberger, & 
Nesselroade, 1999; West et al., 2012.) 
 
 
Results 
 
Knowledge of Cognition 
At first, conditional knowledge was set as the predictor for self-evaluation. 
Moreover, declarative and procedural knowledge were set as interveners in a 
path. The fit indexes suggested rejecting the model (χ²/df = 44.60 p < .001, 
CFI = .87, TLI = .61, RMSEA = .28). Based on a high modification index 
(79.88), a path from conditional knowledge also to procedural knowledge was 
added into the model.  
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Figure 3. A model of the knowledge of cognition. 
 
 
Conditional knowledge is the first predictor for self-evaluation. It predicts 
evaluation directly (r = .44) and via the interveners. Declarative knowledge 
does not predict self-evaluation directly but acts, rather, as an intervener. The 
fit indexes suggested rejecting the model, if the path from declarative 
knowledge to self-evaluation was not turned via procedural knowledge, but 
added straight to self-evaluation (χ²/df = 24.33, p < .001, RMSEA = .20, TLI 
= .79). Procedural knowledge acts as an intervener for both conditional 
knowledge and declarative knowledge. This final model is theoretically 
meaningful and fit the data. The model explained 28% of the variance of self-
evaluation, and the fit indexes suggested good fit between the model and the 
data (Table 2).  
Next, the fit of the model was tested within genders. The fit indexes 
revealed an excellent model fit for women, as Chi-square test and RMSEA-
index suggested rejecting the model for men. However, all other indexes 
indicated a good fit for men, as well. To explore whether or not there were 
some differences between age-groups, especially within that of men, we 
composed the sub-sample of young students (those studying for their basic 
vocational degree are between 15 and 18 years old).  
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Table 1. 
The fit indexes for a model of the knowledge of cognition. 
 
 n 
χ²/df 
(p) 
 
CFI TLI 
RMSEA  
(Probability 
≤ .05) SRMR 
R2 
(self-
evaluation) 
All 578 3.23 
(.07) 1.00 .98 .06 (.28) .01 .28 
Men 238 6.16 
(.01) 1.00 1.02 .15 (.04) .03 .23 
Women 340 .13 
(.72) 1.00 1.01 .01 (.81) .01 .32 
≥19yo. 157 .50 
(.48) 1.00 1.03 .01 (.56) .01 .22 
≤ 18 yo. 421 2.51 
(.11) 1.00 .98 .06 (.29) .01 .29 
Men 
≤ 18yo. 
189 7.87 
(.01) .97 .81 .19 (.02) .04 .22 
Men  
≥19yo. 
49 .50 
(.48) 1.00 1.08 .01 (.51) .02 .27 
Women 
≤ 18 yo. 
232 .28 
(.59) 1.00 1.01 .01 (.69) .01 .35 
        
 
Further analysis within young (≤ 18) and older (≥ 19) students, separately, 
revealed that the model fits better for older rather than younger students. The 
findings within men and young students encouraged us to analyze young men 
and young women separately. Finally, it was found that the fit of the model is 
good or even excellent, but not within the category of young men. 
 
Regulation of Cognition 
Following the theoretical background, the component of planning was set as 
the first predictor for self-evaluation while monitoring was set as an 
intervener. Moreover, the components of information management and 
debugging were set as interveners for both planning and monitoring. 
However, the fit indexes suggested rejecting the model (χ²/df = 19.45, p < 
.001; TLI = .87; RMSEA = .18). Following a high modification index (33.39), 
the path from information management to debugging was added. The final 
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model is supported by the theoretical background and has excellent fit 
indexes. 
 
 
 
Figure 4. A model of the regulation of cognition. 
 
Planning is the general predictor for the other components of the regulation 
of cognition; however, the direct effect to self-evaluation is relatively low (r 
= .21). Hence, the interveners play an important role in the model. With the 
intervening components, the model is able to explain as much as 45% of the 
variance of self-evaluation. The fit indexes suggested good fit between the 
model and the data (Table 3).  
Again, the fit of the model was tested within genders. As the model of 
knowledge of cognition, the model of regulation of cognition fit excellently 
for women, but not for men. Once more, the model was tested within sub-
samples of young and older students, separately. 
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Table 2.  
The fit indexes for a model of the regulation of cognition. 
 
 n 
χ²/df 
(p) 
 
CFI TLI 
RMSEA  
(Probability 
≤ .05) SRMR 
R2 
(self-
evaluation) 
All 578 4.15 
(.04) 1.00 .98 .07 (.18) .01 .45 
Men 238 6.23 
(.01) .99 .90 .15 (.04) .02 .43 
Women 340 .51 
(.47) 1.00 1.01 .01 (.63) .01 .47 
≥19yo. 157 .45 
(.50) 1.00 1.02 .01 (.58) .01 .42 
≤ 18 yo. 421 4.44 
(.04) 1.00 .97 .09 (.14) .01 .46 
Men 
≤ 18yo. 
189 9.66 
(.01) .98 .81 .19 (.02) .03 .45 
Men  
≥19yo. 
49 1.59 
(.21) .99 .94 .11 (.24) .02 .33 
Women 
≤ 18 yo. 
232 .04 
(.85) 1.00 1.02 .01 (.89) .01 .47 
        
 
The same results, as we saw when testing the model of knowledge of 
cognition, were found: the fit of the model is good or even excellent, but not 
within the category of young men. 
 
Discussion 
 
The aim of the study was to explore the components of metacognitive 
awareness. A theoretical model, in which the components of knowledge of 
cognition and regulation of cognition predict self-evaluation, is presented and 
tested empirically among vocational education students (N= 578). The results 
revealed that students’ metacognitive awareness can be measured using the 
MAI and modeled following the theoretical framework. Our hypothesis, in 
which we assumed that the self-evaluation acts as a reference component 
between knowledge and regulation of cognition, was confirmed. Both models 
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(the path of knowledge of cognition and the path of regulation of cognition) 
fit the data. The main findings and conclusions are:  
 
1. Self-evaluation is predicted by conditional knowledge, directly, and via 
declarative knowledge and, secondly, procedural knowledge. The path of 
the components indicates that the contents of learning and then the learning 
strategies are selected in order to achieve the learning goals described as 
conditional knowledge. 
 
2. Planning is predicting the other components of regulation. Direct effect 
to self-evaluation is significant statistically, but relatively low; in 
consequence, the interveners are important components in the regulation 
process. This is logical, since one cannot evaluate learning once not 
implemented any.  
 
3. Knowledge of cognition and regulation of cognition can refer to each 
other using self-evaluation as a reference component. Referring the paths 
reveal that planning is related to conditional knowledge, when setting the 
learning goals, on which the contents and strategies are based. Conditional 
knowledge, appointed by the learner for his / her own learning, and the 
planning of his / her own learning are directing the activities towards self-
evaluation of one’s own learning. In other words, by measuring planning or 
conditional knowledge we could predict other components of knowledge or 
regulation and, especially, self-evaluation.  
 
The composed models fit in both genders and ages. However, the fit of the 
models are not as suitable among young men as in other observed groups. This 
is an issue for further study to explore more deeply. One possible explanation 
could lie in developmental psychology: cognitive abilities develop earlier 
among girls. According to Forsthuber, Horvath, and Motiejunaite (2009), all 
recent international assessment studies agree that girls tend to have a higher 
reading achievement than boys. The gender gap emerges early and maintained 
with age. Niemivirta found (2004, p. 45) that, among the students of the last 
class of the comprehensive school and of vocational educational, there were 
more girls than the expectation value predicted among the group of academic-
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orientated students. Moreover, there were fewer girls in the group of practice-
orientated students. Among the students of the upper secondary school, 
women represent, to a large extent, the group of academic-orientated students. 
Secondly, young men might not be focused on the questionnaire. A third 
explanation might lie in the different study programs. The case might be that 
study programs differ on the way vocational subjects are taught and learned. 
For example, automotive technology and the building trade support more 
practical than academic skills. Moreover, the study programs are gender 
separated: most of the students in automotive technology are men, as most of 
the students in hairdressing and day-care work are women. Hence, this makes 
it difficult to point out how much a study program explains the difference. 
Also, it is unclear whether the gender explains differences in the selection of 
the training program, or is the training program an explanatory factor itself?  
A number of studies have demonstrated the importance of teaching and 
learning metacognitive skills to enhance lifelong learning. It was found in this 
study, as well, that metacognitive awareness is required in order to regulate 
one’s own learning, when aiming for success in learning outcomes in further 
studies and in employment. Teacher education could be improved to promote 
trainees’ readiness in promoting learners’ self-regulation. Supporting 
metacognitive awareness and self-regulative learning is a principal feature in 
lifelong learning. To achieve learning results, students should be able to 
regulate their learning within different subject areas, and not just to learn 
subject-specific skills or information. This kind of setting requires a change 
in the teachers’ role. The key pedagogical element is to what extent the teacher 
is able to support students in improving their metacognitive awareness.  
This study contributes to the existing body of research on students in 
vocational education. The study joins the discussion in developing new 
learner-centered culture in the area of more traditional pedagogical culture. 
The subjects in vocational education appear to be more practical than 
academic. Teaching certain predetermined contents or processes have been 
central for vocational education.  Until now studies consisted of many contact 
lessons; however, nowadays the students’ responsibility for their own learning 
is on the increase, once the number of lessons are reduced. In the future, when 
the reform of vocational education is carried out to its full extent, even the 
vocational degree must provide the wider skills for learning to learn. Highly 
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relevant discussion in the field is whether and to what extent the students of 
practical subjects are able to regulate their learning independently.  
The findings of this study show that the vocational students’ knowledge 
and regulation of cognition follow the theoretical assumptions of 
metacognitive awareness. These results do not report the extent to which 
vocational students are aware of their metacognition, compared to, for 
example, more academically oriented students. But these results encourage an 
even more learner-centered culture, in which the students are expected to set 
goals for their own learning. The findings of this study extensively confirm 
that planning and knowledge of conditions predict success through the 
learning process. 
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Appendix 1. The descriptive statistics of the items and sub-components. 
 
KNOWLEDGE OF COGNITION 
 n χ²/df (p) 
 
CFI TLI 
RMSEA  
(Probability 
<= .05) SRMR 
R2 
(self-
evaluation) 
All 578 3.23 
(.07) 1.00 .98 .06 (.28) .01 .28 
Men 238 6.16 
(.01) 1.00 1.02 .15 (.04) .03 .23 
Women 340 .13 (.72) 1.00 1.01 .01 (.81) .01 .32 
>18 yo. 157 .50 (.48) 1.00 1.03 .01 (.56) .01 .22 
<= 18 yo. 421 2.51 
(.11) 1.00 .98 .06 (.29) .01 .29 
Men <= 18 
yo. 
189 7.87 
(.01) .97 .81 .19 (.02) .04 .22 
Men > 18 yo. 49 .50 (.48) 1.00 1.08 .01 (.51) .02 .27 
Women <= 
18 yo. 
232 .28 (.59) 1.00 1.01 .01 (.69) .01 .35 
        
 
REGULATION OF COGNITION 
 n χ²/df (p) 
 
CFI TLI 
RMSEA  
(Probability 
<= .05) SRMR 
R2 
(self-
evaluation) 
All 578 4.15 
(.04) 1.00 .98 .07 (.18) .01 .45 
Men 238 6.23 
(.01) .99 .90 .15 (.04) .02 .43 
Women 340 .51 (.47) 1.00 1.01 .01 (.63) .01 .47 
>18 yo. 157 .45 (.50) 1.00 1.02 .01 (.58) .01 .42 
<= 18 yo. 421 4.44 
(.04) 1.00 .97 .09 (.14) .01 .46 
Men <= 18 
yo. 
189 9.66 
(.01) .98 .81 .19 (.02) .03 .45 
Men > 18 yo. 49 1.59 
(.21) .99 .94 .11 (.24) .02 .33 
Women <= 
18 yo. 
232 .04 (.85) 1.00 1.02 .01 (.89) .01 .47 
        
 
 
 
122 Kallio, Virta & Kallio– Metacognitive Awareness 
 
 
 
 
 
 
 
 
Heli Kallio, MEd, is lecturer in the Faculty of Educational Sciences, 
University of Turku.  
Kalle Virta, PhD, is senior lecturer at the Faculty of Educational 
Sciences, University of Turku.  
Manne Kallio, PhD, is senior lecturer at the Faculty of Educational 
Sciences in the University of Helsinki.  
Contact Address: Heli Kallio, University of Turku, Seminaarinkatu 
1, 26100 Rauma Finland. Email: heli.kallio@utu.fi 
